A Gram-positive-staining, aerobic organism, isolated from the rhizosphere of Zea mays, was investigated in detail. Based on 16S rRNA gene sequence similarity comparisons, strain JJ-247 T was grouped into the genus Bacillus, most closely related to Bacillus foraminis (98.4 %). The 16S rRNA gene sequence similarity to the sequences of the type strains of other species of the genus Bacillus was <97.4 %. The fatty acid profile with the major fatty acids, anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 14 : 0 and iso-C 16 : 0 supported the grouping of the strain to the genus Bacillus. The polar lipid profile contained the major components diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified aminophospholipid. The major quinone was menaquinone MK-7, and the major polyamine was spermidine. The genomic DNA G+C content of strain JJ-247 T was 44.5 mol%. DNA-DNA hybridizations with the type strain B. foraminis LMG 23147 T resulted in values below 70 %. In addition, physiological and biochemical test results allowed a clear phenotypic differentiation of strain JJ-247 T from B. foraminis. As a consequence, JJ-247 T represents a novel species of the genus Bacillus, for which we propose the name Bacillus zeae sp. nov., with JJ-247 T (=CCM 8726 T =LMG 29876 T ) as the type strain.
The genus Bacillus, as delineated by Ash et al. [1] on the basis of analysis of the 16S SSU ribosomal RNA sequence, is still a rapidly growing genus in terms of novel species descriptions, now comprising already more than 200 species (www.bacterio.cict.fr/index.html). Species of the genus Bacillus can be regarded as ubiquitous and have been isolated from a wide variety of habitats, including terrestrial and aquatic ones [2, 3] , marine sediments [4] , high and low temperature environments [5, 6] , and the inner tissue of different plants, such as wheat [7] and maize [8] .
Here we report on the description of a strain, JJ-247 T , which was isolated from the rhizosphere of maize of plants grown in a field in Dunbar, Nebraska, USA.
Strain JJ-247 T was initially isolated from a maize plant which was manually uprooted a few weeks after planting. The roots, approximately 15 cm in length, and the surrounding soil were separated by vigorous shaking. The rhizosphere soil was suspended in sterile water, serially diluted and plated on nutrient agar (NA; Sigma-Aldrich) at 30 C. Strain JJ-247 T was isolated in this manner and further maintained and subcultivated on this agar at 30 C for 48 h. Analyses of the 16S rRNA gene sequence, quinone system, polar lipid profile, polyamine pattern, diagnostic diamino acid of the peptidoglycan, fatty acid methyl ester composition of whole-cell hydrolysates, and further biochemical and physiological tests were performed to characterize the strain. In addition, DNA-DNA hybridizations were performed with the type strain Bacillus foraminis LMG 23147 T . All cultural and morphological characteristics were recorded from cultures grown on tryptic soy agar (TSA; Becton Dickinson). Gram staining was performed according to the method of Gerhardt et al. [9] , and the motility test was done under a light microscope with cells grown for 3 days in tryptic soy broth (TSB; Oxoid) at 30 C. Temperature-dependent growth was tested at 4, 10, 15, 20, 30, 36, 40, 45 , 50 and 55 C on TSA. NaCl tolerance was investigated at different concentrations of NaCl (0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0 %, w/v) in TSB. pH-Dependent growth was tested in TSB adjusted with HCl and NaOH to values between pH 4.0 and 11.0. Growth under anaerobic conditions was determined on anaerobic agar (Difco) at 30 C using a GasPak jar (<1 % O 2 ; !13 % CO 2 ) (Merck) for 7 days.
Strain JJ-247 T revealed a Gram-positive staining behaviour and formed visible (diameter about 2 mm) beige-coloured colonies within 48 h at 30 C. The strain did not grow at temperatures below 10 C or above 50 C. Strain JJ-247 T grew very slowly at 10 C and was able to grow well at NaCl concentrations of 0-6 % (w/v) and weak at 7 and 8 % (w/v) NaCl.
Colonies showed a beige, slightly glistening appearance. Oxidase activity tested positive using the Oxidase reagent (bioM erieux) according to the instructions of the manufacturer. Cells of the strain were non-motile rods (approx. 1 µm wide and 3.5 µm long). No endospores were observed, similar to the most closely related species, B. foraminis [10] . The strain grew well on NA, brain heart infusion agar (Difco), R2A agar (Oxoid) and TSA.
The novel strain was characterized physiologically/biochemically using the 96-well plate test system [11] and by some additional biochemical tests: production of hydrogen sulphide using the lead acetate paper and triple-sugar-iron methods; indole reaction with Ehrlich's and Kovacs' reagents; activity of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, DNase (Oxoid CM321; supplemented with 0.01 % toluidine blue), b-galactosidase (ONPG) and urease on Christensen's urea agar [12] ; hydrolysis of casein, gelatin (plate method), starch and tyrosine [13] . The biochemical/physiological data are given in Table 1 and in the species description.
The analysis of the cellular fatty acid profiles was performed as described previously [14] using a HP 6890 gas chromatograph with the Sherlock software version 2.11 (MIDI) and the TSBA peak-naming table version 4.1. Prior to fatty acid extraction, the strains were cultured on CASO agar (Carl Roth) at 28 C for 48 h. The results revealed a Bacillus-typical profile for JJ-247 T with the following most abundant fatty acids: anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 14 : 0 and iso-C 16 : 0 . Only minor differences could be identified in comparison with those of the type strain of B. foraminis which was analysed in parallel ( Table 2 ).
The diagnostic diamino acid of the peptidoglycan, quinones and polar lipids were extracted from biomass that was grown on PYE broth (0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2) at 28 C and harvested at the stationary growth phase. Analyses of quinones and polar lipids were carried out according to the integrated method described by Tindall [15, 16] and Altenburger et al. [17] . The HPLC equipment used was described by Stolz et al. [18] . The quinone system was composed of menaquinones MK-7 (99.5 %) and MK-6 (0.5 %). The polar lipid profile ( Fig. 1 ) contained major amounts of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified aminophospholipid. Polyamines were extracted from cells grown in PYE broth which were harvested at the late exponential growth phase as recommended by Busse and Auling [19] . Extraction and analysis of polyamines were carried out according to the method of Busse et al. [20] , using an HPLC apparatus described by Stolz et al. [18] . The major polyamine was spermidine [21.2 µmol (g dry weight) À1 ]. In addition, moderate amounts of spermine [1.8 µmol (g dry weight) À1 ] and traces of putrescine and cadaverine [each 0.1 µmol (g dry weight) À1 ] were detected. The presence of meso-diaminopimelic acid was shown following the protocol for specific detection of this diagnostic diamino acid of the peptidoglycan [21] . Polyamine patterns with the major compound spermidine and the presence of the peptidoglycan diamino acid meso-diaminopimelic acid are widespread in members of the group of aerobic endosporeformers [22] [23] [24] . The polar lipid profile clearly distinguished strain JJ-247 T from the type species of the genus, Bacillus subtilis, with the former lacking any glycolipid and showing an aminophospholipid with a chromatographic motility different from that reported for B. subtilis [25] . However, the polar lipid profile also distinguished strain JJ-247 T from its close phylogenetic relative Bacillus campisalis SA2-6 T , which was reported to contain in addition to the common polar lipids diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine five phospholipids not detected in our isolate.
The nearly full-length 16S rRNA gene of strain JJ-247 T was sequenced for detailed phylogenetic analysis using the primer system 8F and 1492R [26] . After manual sequence correction, the sequence used for analysis had a length of 1473 nucleotides spanning gene termini 8 to 1474 (numbered according to the Escherichia coli rrnB gene sequence; [27] ). Pairwise sequence similarities to the most closely related type strains were obtained using the EzTaxon type strain database [28] . Phylogenetic trees were calculated in ARB release 5.2 [29] and the 'All-Species Living Tree' Project (LTP; [30] ) database release LTPs123 (September 2014). Sequences not included in the database were added after alignment with the SILVA Incremental Aligner (SINA; v. 1.2.11; [31] ). Phylogenetic trees were calculated with the maximum-likelihood method using RAxML v7.04 [32] with GTR-GAMMA as evolutionary model and rapid bootstrap analysis, and the maximum-parsimony method using DNAPARS version 3.6. [33] . Both analyses were based on 16S rRNA gene sequences between gene termini 101 and 1363 [27] and a bootstrap analysis [34] with 100 resamplings.
Firstly, phylogenetic trees were calculated including all species of the genus Bacillus, then subsequent phylogenetic trees were calculated with the focus on the species which clustered next to the novel strain in the full-genus-based trees. The subsequent phylogenetic analysis was based on 77 type strain 16S rRNA gene sequences and DNA sequences between gene termini 96 and 1363. Strain JJ-247 T clustered in all trees calculated with the type strain of B. foraminis (Fig. 2) The genomic DNA G+C content of the strain JJ-247 T was determined by the DNA melting temperature method established by Gonzales and Saiz-Jimenez [37] as previously described by Glaeser et al. [38] . The genomic DNA G+C content determined for strain JJ-247 T was 44.5 mol%. The value was in the range of those of species of the genus Bacillus, 32-66 mol% [39] and quite similar to the DNA G+C contents determined for the most closely related species, 43.1 mol% for B. foraminis [10] or 45.44 mol% for B. campisalis [40] .
On the basis of these results, it is obvious that strain JJ-247 T represents a novel species, for which the name Bacillus zeae sp. nov. is proposed.
DESCRIPTION OF BACILLUS ZEAE SP. NOV.
Bacillus zeae [ze¢ae. L. gen. n. zeae of Zea mays, referring to its isolation from the rhizosphere of corn (Zea mays)].
Cells show a Gram-positive staining behaviour. They are nonmotile rods, approx. 1 µm in width and 3.5 µm in length. Endospore formation cannot be detected. Aerobic, oxidasepositive, catalase-positive. Good growth occurs after 48 h on NA, brain heart infusion agar, TSA and R2A agar (all Oxoid) at 20-30 C. Unable to grow at temperatures below 10 C or above 50 C. Optimum temperature: 28-30 C. Cells grow in the presence of 0-8.0 %(w/v) NaCl as an additional ingredient of NA (optimum: 3-5 %, w/v, NaCl). Colonies on NA produce a beige colour and appear circular and slightly translucent. Acid is produced from D-glucose and sucrose (weakly). No acid is produced from maltose, trehalose, L-arabinose, adonitol, D-arabitol, dulcitol, erythritol, myo-inositol, lactose, D- Fig. 2 . Maximum-parsimony tree based on nearly full-length 16S rRNA gene sequences showing the position of strain JJ-247 T among the closest related type strains of the genus Bacillus. The tree was calculated in ARB and based on 16S rRNA gene sequence positions 96 to 1362 (E. coli numbering; [27] ) and 100 resamplings (bootstrap analysis; only values >70 % are shown). Nodes marked with filled circles were also present in the maximum-likelihood tree calculated in parallel; larger circles represent nodes supported by bootstrap values
